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(54) SEMICONDUCTOR ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a 
semiconductor element which is manufacturable at a 
low cost and with high efficiency and which has a 
small number of lattice defects, and a manufacturing 
method therefor. 

SOLUTION: A light-emitting diode is constructed, 
such that an AIGaN low- temperature buffer layer 2, 
an MG-GaN first high-temperature buffer layer 3, an 
undoped GaN second high-temperature buffer layer 4, 
an n-GaN contact layer 5, an MQW active layer 6, an 
undoped GaN protective layer 7, a p-AIGaN clad layer 
8 and a p-GaN contact layer 9 are formed in 
sequence on a sapphire substrate 1. The layer 3 is 
formed on the layer 2 as a continuous film from the 
initial period of growth. As a result, the layer 3 has 
satisfactory crystallinity with reduced number of 
lattice defects, and hence can be formed into a 
thinner film. 
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(57) [ggft] 

[««*#*] wtsr* *- h«. t7r-f ra« 1 ± 

fcAIGaNftfiA-/7rl2, Mg-GaNgSliSSS 
^77713^ T>-H-rGaN®2iSia^"/7rJS 
4, n-GaNay?^M5, MQWv£ttJf6. TV 
K— 7*GaNfiUSJB7, p-A 1 GaN?77 KJI8& 
J: V p - G a N 3 y * 9 Y M 9 tfmiz&m 3 ixT V % -6 . 
Mg-GaNSl ffifCy yrM3 ttJftAagH4>6)£& 
Mb LTA 1 GaWKS/*?:^* 2±(C#j£3Jl£. 

Mg-GaN^lJSffiA.y7rJf3«f&^ 



gC-10aJ 



10 



Li~ 




1 

[ ffi*m 1 ] *K±tc#*ttfltf>l 1 1 lfi»ft^R¥» 

CM** 2] IWE»2«0A-y7T*i:«IE3IFF««i: 
«IBlCT>F-r^>III ^<k^^#*>£>fl&£$:fx 

[»*«3] WiaJB2WW7T«tt.»$r**J*£ 

s i: -r § n$gi i « fett 2 e«^n»«*f-. 

[ft#Jl4] MIEiii3i^{4^*^?A;ji7t«4Eia 

t** £ t ztm k -t h mim 1 ~ 3 *> wf*uwcett 
iwms] mi Ei 1 1 ^^iM f ^f«4#'j'/-A, 

t-rh mm. i ~ 5 tfov ^-rtt*HcfB»<o^#*-? . 

[»#JS7] KttLhfcHI teS-fk^^ttA^fllfig 

mmimmzmm^mi&z tn, & 2 co^ » y r m * m 
ssm 1 oxeuas i 0 tSF^ss 2 oasiaKT^ 
tfne^2co^'-y7r^±t, in wmim%&mtefrt> 

[«^JS8] mim2(o^^yrmc7)mmk. mtem 

2^777111:. HI &^«ift¥*ttft>64ft&£ 
it6SfS3 <0A' 7 7 r/f^tiflESS 1 «0««iaS<J: 0 t Xv* 

S3«nsiastML, i<riam3WN*-y7T*±^fr 
m. 

[000 1] 

vmnrnthmumi *3S9H4. GaN uMtf'j 

»7A) . A 1 N (WitT)V$.-*7J±) . I nN (gft'f 
>^A) . BN (S-fbi^fg) & L < (4T 1 N (gfc 

5. 
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[0002] 

[t&fcOSffi] GaNs A 1 GaN, I nGaN. A 1 

i n g a HmnmAWnZktmwfr t>mf8L*ti&*mwm 

fc(4£Oj:o&3e£?&£^&^^i:LT. fc-S^ti 

[0003] £ii<»OH<fcfliaMIHifl*F<0«Jft 

GaNfcti^^SS[*^^<^?>-9-7r-f T^S 
iC^j&^&S»£Jbfc, MOVPES (^fii&Jg-ffc^ 

[0004] ££T% WFfm.<r>*.Z<mti:hmLk. 
G a N jR¥*tte>&Att#a< =5r 0 XMV'W 

20 wr&prtijm#m\'*t>tix^&. 

[0005] Mz-l£. H*r—riV ■ *7 • ? ■ 
/D-X<7)g9 8^2 0 9WizfflmZixX^&1jmzJ: 
tl&. 04 (a) iz^-tio^ Sffiiag^ffiiS (Mx. 
(f6 0 0'C) f,zLX^yr-(Tm<7)WlSL5 lit^MUS 
ik<0A 1 N ffiiS^'-y 7tI52 «r»jft^" 
4. *<9fiL 04 (b) tc^-T J: 3 

(Mtlil 0 0 0°C) tcL-C, <S^-?-y7r€5 2±fc 
«fe^GaN5 3aMUt| 1 . ZCDW>-&. «**J 
WtCfcV^T G a N 5 3 a(iig?S^'-y 7 r« 5 2±<0^ 
30 «Kt:»«fc:**^i . 

[ 0 0 0 6 ] 04 ( c ) lZ7iki-£ 9 tc. *&£j£ft{;:f#v> 
ftt^GaN5 3a^Ltam:^i)GaNI 

5 ZcOKib, M4 ( d ) (c^f 

^S^-C'GaNil5 3$rjSft$-li-|,. ISilTs ^# 

U"OK0G a Nfl 5 3 Mt^^lS . 
[0007] ££T\ ±te^)J;p^|^T3 <7)^:#/jrG 
40 aNJf5 3li. »fltt*fo±$-t«fc»<aA V 7TJiT 
hhk.^i.hixh. Zc?>i$r&^ GaNJf5 3«:ffii&./N*-y 
7rf 52 <7)f£*^f<0««jaK «fc 0 *>iSv ^««fiJKt'^ 

^. 

[0008] ±|£c7)«t 3 (=XIK 5 1 ±{cffiia^* »/ 7 r J| 

^i)* > GaNJ15 3$:^-rS£i:{Cj; , 5, GaNf5 

[0009] J3Lt<7> J; p ^rB^bM^mifMi^j£^£ 
50 14, GaNI^^, GaNiMBK^-f 
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[00 10] ®5«ifie*<0GaN^^Bt^^--K«0- 

it. »§B¥8-2 28 0 2 5^-£§g:^$ftTV^. 
[00 11] 05(C^-f^^^-h'(CiJV^{i, -fr 
7H 7*S«1 0 l±iZ. TyF-TGaNffi&^-yy 
rJ1102. n-GaNny?? hJIl 03, n-Al 
GaN«2?77F1104< n- I nGaNgll ?7 
•v Vm 10 5. I nGaNv£t£«l 0 6. p-InGa 
Ngll h'Jf 1 0 7. p-A 1 GaN^2?7 v H 

1108fej:^p-GaN3y^^ hill 0 9*«ICf 
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* [0012] p-GaN3y??M109Kn-G 

J^BfciSfU StttSLfcn-GaNny;?? h«l 03 
^BfjaRW-LBKCT i mtiZVA 1 «»»iS,3Sr4 nlH 
1 1 149Mt3*VCVvfc. ifc, P -GaN3^?h 
/S 1 0 9^m^l^Jiffl^N i Jgtfc J:tfAuffitA><o3r& 
Plimfiil 1 0#»j*3ivCV*4. 
[00 13] Zcr>i%-&. InGaNattfl0 6*«f 
«WfcfflS-t*. £fl 1 0 2-1 0 9*>«»feJ:WS« 
>»<0Xfl[ajK(i« 1 KTjrTil 0 "Cft * . 
[00 14] 
[SSI 1 





R» (nm) 




GaN«SA'?77lil 0 2 


50 


5 0 0 


rH3aN3>WFB 1 0 3 


4000 


10 5 0 


n-AIGflN*2M?rj»1 0 4 


1 00 


10 5 0 


rMnGaMRltfjKJII 0 5 


5 O 


8 0 0 


InQaNSttSl 0 6 


4 0 


8 OO 


p-lnGaN&1$79h*JB 1 0 7 


5 0 


8 00 


MI6aNS2^KBl 0 8 


1 00 


1050 


HiaNttttMl 10 9 


5 0 0 


10 5 0 



[00151*1 (C^f J: o fc. IM^mt^A *- H 
OKftOlttt. Vyr-i T«« 10 1 ±lc»tgffl& 5 0 
OXX'T^H-TGaNtS&A.^r/f 1 0 2£j£J|;£ 
■tttztk. *&ifijK£l 0 5 0T:fc:itfr, n-GaN£ 30 

^*fi]^{CfcV ">T n-GaNliTV K— 7G a NfiffiA 
•y 7 r B 1 0 2 om^WaLLK&KfcJ&ft-tS . fiSJBc: 
m^#<^#n-GaN#lHfcLT3I^fc&*K n- 
GaNay^?M10 3A«?^. 

n-GaNay^^Ml 0 3£«*3-«\ ffitJg 
T 4 £4/zmfc*#<^S£ilcJ:9&,fiH4£tt#-f 

[00 1 6] ifB^id^tT^L^n-GaNay 40 
h/f 1 0 3±lC, §^>(C#S1 04-1 0 9£S§1 

n-GaN3^?M10 3^^tt*<&#$ix-CV> 

&tc#>. znMzm&ztifz&mi 04— 1 09tc*jv% 
t t>fefBi±^(6]±-r?) . #ji i o 4- 1 o 9 « mzm=F 

miX'hh I n G a NMttS 1 0 6 <0*£IH4#|6]Ji-f * 
[0 0 1 7] ±IB«!0%3t^^-F{C*JV^T. n-Ga 

Na>??ym\ 03«i. nfiumfiii 1 1 £o«srw»*5o 



*«£**r*fMRUa*M=.'*« 1 04-10 90ttA1£ 

-f5r;b*>, n-GaN3>-^i7hjll0 3(i. ^*-y 
7T®fcLT^««g£Sfcfc4f;i-C:fc>9. MX^M/^ 
7 r Jlicffi t> <D £ #x hit I . 
[0018] ±fe<D$£3fc:^ #- FfS&tvCtt. itSf* 
77rft LTWW-*IWT« c^^n-GaNa 
h«l 0 3(Ci-5T. InGaNvgttfl06*« 
t77-f7i«l 0 1 OltiAjftjt9&>4>tt4 . 2,um8t 

[00 193 

& d i: «fc >3 . iSitn * F tfJMAi L *>ol!j£2m<ffiT 

JffcLT^flStgfcffiifcn-GaNn^;?? FJf 1 03 

0 , SBfcr -f H com 3 * F ?)if Jnfc i iflR 

[0020 3 ±ieoJ:dfcT>-H-7-GaNffiia 
A- 7 7rll 0 2i3j:lXn-GaN3>-^2? FJ11 03 
SrJgJfcL/iiS-S-KfcVVCi. n-GaN3^nil 
0 3<^»«B*fc«^"f 4«ffi5 SJiflRtLfc**-?* 



(4 

5 

0 , 4fc. r 4 T&& 1 0 1 k<Dte?jmco&\,^ 

t>&mi 02-1 0 9 4>wi-9-7r-f ra«i o ik 

«>. "9-7T-T T*K1 0 liWGaNJMMIffcaftffi* 
SJilO 9 -10 lt cm^-^5;5. LfcA^t, 

[0021] <K3X his JrtfSvMKJt 

[0022] 

fcff 3HK±tfM«SA<0III ttSMHta 

com «a^»*w«t3&»^flwt$*t*»2w'«-y7r 

[0023] **«t:«4*aW*Ffc:*JV^r, ^2c7) 20 
rJUhfcJMUtti*. zcotesb. 3S2«0A-y 7rmM8 

t. 

[0 0 24] 4fc, JH2«V<<y7rJ|fc:^)-Ctt, *8 

i2w\' - y ? T®c?Mmttjmmx'h t . -huc j: o , 30 
[0025] m2(D^-y7rmt9mmt(om^Ty 

•y7rmt i mm^itXhJ:^o 

[0026]7y K-rcoi 1 1 mm^a^mm^vA 

X'ht. 4*. »3«V<77rJBi. IBI/S£*#<: LT 40 
60 J: o fc* 3 OA -y y r JlitcSimWfcWKrtSitfe* 

[0027] 4fc, *2W<77Tltt, «&6fflfi££ 
*Tf £«&Olll l)iaflail3R¥iWMi*»fe<roTfcJ:- 

v\ z<?>xo%&mw&tt~rh&2<r)jU7Tm£.t5 

|tni:#0£>it&. 50 
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[0028] II»7C«l4^*i"7^4fcli3E«T*-5 

&mmfrt>%mib trm 1 7 rm±izimz 

tit. S2W-!7 7r»iM^M5t 

[0029] in suifliftjM^wwi^y^A, 

«r< t <> 1 o t^«flSWMs«#T* o T t> «t V*. 
[0030] dOi 5 =5:111 ^ft^^&*>£>8ij£ 
3*i*3H»fl*Ftci3VvcUU *«fclll figfiHkfi^R^ 
#*fc<3l^^<0»^&£ftO«FP*K (Eft) # 

ip&Lx^t. vtztfix, m2<w<v7Tmi l z&^x 
¥&&±vmffl£Zfo±.z&t±.Timx-i>t. 

[0031 ] 4fc. m=m®iiftftM£^X'h^\ 

scorns. ^mm<rm?w&tf&#x't>^mim.<?> 
is^*mtemm?*mt>tit . 
[0032] xftwizfat^ftm^wmirmii , m 
m±tzui mm^m^mm^m^ntmi^-y 

7Ti^l cr>Wffi8L&X'&$. L . 1 «A .y 7 r S± 
fcl I Eot^** F-r $ ftfcl 1 1 £Bfc«iS¥*lffc&>6fll 
«$n5m2<3D/N'-y 7 T*£^ 1 OS^fflKi 0 
^OMSufijrt'JEJjfcU »2«A>y7r«±(C III 

[0033] S****^<OiBWM£fc:*JVi 

■cut. %2<r>^ v7 rmi) i &&tomfrt>jmmki.xm 
i^-/yrm±i>zmm.^tit. cco^, ^^ra 

*>'ffi«§^fe B B BliO^#^20^'-y 7 ril 
Jr^fSit^Btt^ri.. 4fc, C:coJ:d^2<0 
^< -x 7 r «±tc*^HSJ^$:Jg(K-r S i t tc J: 0 % 

tm^tit. 

[0 0 34] ttz. ±iZcr>£?l,Zl.Xmf&Lfi:&2cr>;< 
«y 7 r JBfcfc vvcUu /Js§ ^rHWtctJ v i ^»^rfeS 

umbtit. 

[00 35] 47^^ m2cr>^-y7rmcomm.tk. S2W 
y^y7rm±iz. Ill flUM^R^M^^ffilS^^i 
^3tf0^'>y y r®£& 1 «OS«?S«J: 0 £>?gv^S3<Dg 

[0036]7y f -ron I KS-fb^^**^« 
^$fT-g>m3WN* y7rJl(c*5V%T(i, F-TKJ: 0» 
^"f SlS^XPfi^^t^^. ico^, IIfll7C**<h- 
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[003 7] *mW«fc:»OT£»*LTfcJ: 
[0038] 

4. 

[ 0 0 3 9 ] 01 tZ7jfitf£/£?4 it- FK&VYCtt, If 
7rW7SSl±{c, T>F—7cr>A 1 GaNK^rl. 
^J¥2 0nmc7)A 1 GaNfiSA*«/7rfl2, Mg#H 
-T§it3tGaN*»4>=SrSKffTi 80nm(OMg-G 
aNgllSiiS/^y :7rJI3. 1@400 nm<07>H- 
rGaNI2SS^77rl4> ill. 5jum<Dn- 
GaN3^M5, MQW Stti 

(IBfrl) 6, mmi OnmCDTVH-rGaN^aJi 20 
7. KJ¥1 50nm<7)p-A 1 o. osGao. 96 N? y <y H 
Jf 8*5j:tfl&II3 OOnm«p-GaN3y^?M9 

[0040] ^HcfcV vtte. A 1 G a NfflaSA-y 7 r 
J12#^l W-W^rJilCfflilL, Mg-GaNf II 
aAV7Tl3^2(7)A'77rl(:ffiSI,, r^K— 
TG a N m 2 S ifi; A* -y 7 r J§ 4 *^ 3 CO/ y y r M (Cffl 
S-tS. 30 

[0 04 1] MQWvS14«6{i, §855 nm«07>H- 
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rGaN*^^r4 6ocORESJl6 ai. if5nni<07 
yh'-n no.35Gao.65Nj!>^^S50<0#F«6 b 

4fc. MQW«SffiB6W»«&fl:S:"|»jh-f4Jt^ MQ 
WvStt^ 6 ±{CT> H -7G a N«gJf 7 **»l£$ilT 

[0042] p-GaNr?>-^^ hJi9*»^ n-GaN 
hS5 4-C<7)-SP«^'x-y^-y^(cJ: 9 fife* 
Sit. HtbL^n-GaN^y-^iy F«5C0Rff^l^i: 
B(C II500nm(7)AlIA'WI,nIlil 2# 
&&ZtlX^&. *Jt, p-GaNr7^^i7 hS9c?)Bf 

4 n m<50A uJK 10b LT P M83fl±mfii 1 

OtfftttSfU Z t>t,ZZcr>±l<Z, H30nmOTiffi 
1 1 afcJ:lflKJ¥5 0 0nmfiDAuitl 1 b£«JILT 
^SpfJ^v Kmfiil l*^^$ixTVv^. 
[ 0 0 4 3 ] 0 1 Htt. ' OT*> «k d 

■f. MOVPEgfrtfcc (00 0 1 ) 

-rs-y-^r-fra^i SrieaL. movpeswo, 

t7?^71Sl£Oc (OOOl)IiCAlGaNl 
SA' 7 7rl2, Mg-GaNIlSiaA 7 7rI3, 
T>-K-rGaNm2i^iayN*>y7r«4. n-GaN3 
5, MQWvgtiyi6. 7yK-7GaNM 
Jf7, p-A 1 o.05Gao.95N/'77 KJf8t5j;tfp- 
GaN3>??hJf 9£J«;:j&ft$-ti-.S>. frio, #®2 
~ 9 coffin iltf&ftl^O^mcP LTti* 2 Izm-fW 

[0044 ] 
[*2] 



(6) 
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1 0 





KJ5 

(nm) 




JWtt'x 






20 


(500 


NH 3 , THAI, 
TMGa 


H M 

2* 2 


Mg-GaN 


80 


1150 


NH q . TMGa, 


^2' ^2 


7>K-7*GaN 
SS2BSA* *7tS4 


400 


1150 


NH3, TMGa 


^2' ^2 


1 1 viaiux/ / r /n *j 


1 CAA 


1 i EA 

1150 


NH 3 , TMGa, 
SIH 4 


H«. N2 


H0WSttS6 

f7Vh*-7"6aN 
J»BB6a(6B) 

7 A -J ln n ^GOq ggN 

l#FB6b(5B) 


5 

(IB) 
5 

(IB) 


850 


KH3, TEGa 




NH 3t TEGa, TMIn 


7>r-rGaN«HIIH7 


10 


850 


m z , TEGa 


"2' N 2 


^'0.05% 95 M 
«?h*B8 


150 


1150 


NHg, TMGa. 
THALCp^g 


N2 


p-Galfa>WB9 


300 


1150 


NH 3 , TMGa, 
CpjMg 


^2' ^2 



[0 0 4 5] HiMMf-yl/T/US-^ 

TMI n(iMJ*-?-/M' >iS*7J±*i0kLXi5 30 
0, TEGalih 'Jxf-;^U>>A$:^UTV^. * 

J^^Xtdfctt^NHs tig^Tfe 9 , TMA1 
liTJl'S— OMrC* 1 ?. TMGaJSiOfTEGaJi^ 

£>9, C P2 Mg (t'^y^n^y^yl-^?/*-/ 
[ 0 0 4 6 ] SriS, «-«2~9<0^*B#<0*«ffiLS{i, 

1 GaN®ifiA-y7rB2«0j£*l$lC{;i, 40 
««A**iB*fcRjettttf J: < . #® 3 ~ 9 ojft£i* 

fc, #«3~5, 8, 9cO«W^Wi*«SJS$- 1 0 0 
0-1 200rC|^t5It^L<. »B 

6 . 7 aj£&a*C(i£ffiSJK& 7 0 o~ 1 0 0 o^kr 

[0 04 7] ifc, #l2-9^*^*:ft}§$tl5H 

2 fcil/Nz ^<Odr-vUT^fc*3V^T. H2 tfO#*T 
mi , #12-5 <9j&KB#fc:(£|i*j 5 0 %"C* 0 , «■« 

6. 7^^^{±^1~5%TS>'9. «-«7~9<7)j£*50 



* Afttf *tt 1 - 3 & . 

[0048] mz. &m2^9coB&Vjmv>mmiz^ 
xmwt& . m 2 2 -4 n&tfttmcD-wzTF-f 
mxMTmmmmx'hz. 

[0049] 02 (a) fcTKfidtC, MSSS 
£60 0-C^fipL3t«t^T'S^^*i itXdf a- 'J T# 

A 1 G a NffiiS^N*-/ 7rI2 . 
[0050] *«iSJKSr 1 1 5 0*Ct±ff H 
2(b) lcijc*-J: 5t, 115 0-C(c«l^LA:^T-iI 

aNK^SMg-GaNSlilfflA77ri3S. j£ 
ftj&KiftO. 7nm/sTlft8«. <r<0=l§£\ Mg 
-GaN^l SiBA* ./7t13 ttjftftttffl* S>jIiBE]8ti: 
LTJ&ft?-&. Lfc#oT\ 04K^-ft£fc0iJ<7)J:3{c 
MCMUGaN 5 3 acO^gStdfcV Steffi 5 5 
£fcli*<, «HF*K (SSffi) *<ffi*S$*t 

CKJOie^Mg-GaNmiSiS^-y^ril 

[005 1 3 3rii, itecOcko^LT^L^Mg-G 
aNmiiS^^-y7rB3tci3V>T{i. F-7*$ft.rt:M 



1 1 

J: a tCMg K-7*(c J: 0^-rS*&^^Pl8<7)iSJDJ: 0 

V>fctf>£, Mg-GaNSl J5i&K<y 7 r Ji 3 tefcftS 
^Ot&^-^FfiJi . t£3|W)i^i&A -y 7 r « J: 9 *> 

[0052] Mg-GaNmii?ja^'y7rffl3 

yrm3<Dmmri im<xi>$aoooAmmt-tz> 

[00 53] m^X. 12 (c) ^fiol;, 

yH-rGaN^2iSiays'-y7r«4Sr. j£JBft!fc#>3 
Mm/hfM$«. T>-H-rGaN^2iSia>'N'-y 
7tM4\±. l^;XFfi#ffi$§*t£Mg-GaNSSm 
^^■y7r«3±CC»B£§ii§^46, ttfttt*»Bt»TJb 

5. ifc. 7V H-7GaNli, K-TfcJ: Ofte?* 
Wf-XWl^E. L =5r \ ^tM g - G a N ^Jt^Tfe^tt 
#*i^V\ Z<Ofi:ib* TyK-^GaN^iiSigA.;, 7r 
«4«. Mg-GaN^lS^^-y7rJ13(CJt^T§ 

[0 0 54] Sri*. ±ie^t5V^T(i. AlGaNfiiS^ 

•y 7 r * 2 <o«ftB$<^^ias^ i <omffi&mizm% 
aute&**2oa6«a]jE(cffiat. r>-K-TGaN§s2 

[0055] ITF. TV b'-TG a N|g2;SiSA-y 7 r 
Jf4»j£f£<0»i£Ig£ovvc, Hl**HL*#fcK 

[0056] SK&tt* 1 1 5 OT;fc*»Lfctt«TIK 
m#X&XXfi**c VTJfxzmteL. S i (cj: 0 nit 

K— rSiufc^M&JicOn -G a Nft>6£& n -G a Na 
>??hm5Z. l**jMStt3jLcm/hTJft*SHi:*. 

[0057] JMc , S«iaKS: 8 5 OXJteTW 5 . 8 5 

=$rl>6o<0R^f 6afc, mMfr)T> H-T I no. 35 
Gao. 65 N*>£3rS 5^#F16b S3K5t=Jft*tJ 

tt«6 SfctjMtLT. JMSft^Ty H- 

TG a Nfr^ry H-rO a NflWMi7 «r**S* 

6. ^<50^OMQWvgtt^6tj<};lXT>-H-7" 
GaN«IUl7«0f£«i$jffi{i0. 4nra/stl>J. 
[0 0 58] ±IS<!OJ:5tcUTTVH-rGaN«iSyB 
7*#j*Lfc«» SftSlttfcl 1 5 0'Clc±ff£. 1 1 

5 ox:t=«»un:««Tflm^ts 'J r#7>£ 
Mg(c«fc0pMt:S'-r$^7tmfeBi<op-A 

lo.o5Gao.96Nj&>£>&&p-A 1 GaN?5-y FS8 
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i 'J T#7. L, MgtC 
«fc 0 pStC K-TSftfcJIHIhlfcOp -G a N p 

<7)p-A 1 0.05 Gao. 95 7 -y HS8tJj:lKp -Ga 

Nay?? vm9cr>fo%$mm3ixm/hX'bh. 

[0059] ±fElCfcl">t\ p-A 1 0. 05 Gao. 95 
7-y KJf8£J:tfp-GaN3>:y-? NJ19<Djfcf|l£HC 

l~3%iffi< LT^-i,. -HUCji,. N 2 #H^4»-C' 

10 mm?z ut^<MgK-AVh srvstt-ft-t s <r t a* 

TS, *#-^yriMEOpSiNifMiA*»<J,ii4. 
[ 0 0 6 0 ] ±ieo «t 0 \z LXV? r 4 TWR 1 ±fc# 
JB2~9fcJ**S-£fc», P -GaN3>^^M9± 
■OBfiaWStCN i 7X^tjWll. £*l*m*vCp-G 
aN3^^M9Kn-GaN3y^? MB 5 if 
CO— SP^i^SrR I BEg (a5^^yf-Ai 7 f y 
mz£*)J^>v1-y?-T&. WJ:^ n-Ga 
N3^^ hJi5<OW£«KfcKHJ3-*, nffl!im®E2j£ 

20 ffllfciD. Ali4»^4n||ttil2S3ftWi. 
[006 1 ]— 3\ P -GaN3^? hJI9JLDti& 
gffitZN ill OafciOfAuil ObfcHUSBWU 

psabett«sio£#jW6. s^c pfiiB^flsm 

«10_btf>mjifW*fc:TiBtl latJ^T/AuKl lb 

fcJWefWiU p«P<*K«ffil ltWrtW"*. Srfc, 

pflfiaxems 1 otsxvpmfiv vmmi imjb&k 

[0062] pfflS^fettflffil 0 . p»<7 KiEffil 1 
J3J:Vn«««12fc»|ftLfc«. 500'CT«a$r 
30 ftd. ZCOXotzLX, Plffl®3ttt«lil 0 5:p-Ga 
N=J>-^7 hii9(C^-= y^Sfflmtttt, n 
Rffil 2jn-GaN3y^^ h«5t=3i— S 

[0063] ULhOidtUT, H 1 fc^-fBe^-f * 

>f3j--h*fc:t5V>-Ctt. Mg -GaN^liSKavN' 77rS 
3^J««njiB*»4)j*BMIi: UAlGa NffiiS^'-y 7 r 
«2±tC^$aS^A6, Mg-GaN^lM^77 

r«3^tS^|iB*«««$tLTtiO. «htttt*«RifT* 
40 £. 4fc H M«-GaNflll«aA«y7rJi3±fc:Sfe 

tdSJMt^Aff^rry K-rG a Nff 2aa>tv 7 r m 

4*qtt*$il"CV%ftfc», Mg-GaNmi«ia^*-/7 

Six-S.. Cl<7)7tA6 s TyH-TGaN^2i^iaAy7r 
Jl4±tc^$ix^#il5~9. W*c3RT««TJb6M 
QW^14Jf6lcfcV^T(±, J:«9fttMr*Satt*^S»S*i. 

^KSWS^fiO^^cor&Ji^H^ili. i: i: ^ t , fiffltt 
50 [0064 ] lit, Mg-GaN*l]|l/^7ri 
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3J4. *S$rBWTi fcfcV^T t A#*ttjMt**»feii 
»K-fb* 5 "5II6TS)-l>o Mg-GaNll 
M/<y 7 rl 3 ±3«J:t>'r>- K-7"G a N* 2»»X~-y 
7rJB4jWBj£§*lT^&JfctfK n-GaN3y;;b 
m 5 JiiSax 7 7rli:LT flMW4«MS3&*0r<< Ufc 

z t w*smz-f> h . -e-*uc <t 0^77^ rsig 1 oss 

AjS*ifi3&»6MQW«gtt«6*'C^J0lLi ##72. 0 

2ftco i t^r* . Ltitfix . f&eyj *- Ynwm? 

[0 0 6 5] ±iet=iivvcti, m?sax.y7T«3# 

Mgj^H- TZtltzGaNM (Mg-GaNi) 

it/T i *><7)'j>-*< tt>i ^zistsmm%&m# 

^AlBN. AlGaN. AIN, InGaN^COIII 

mmmmm^hm 1 sax 77ri3 lt 

[0066] mi*ax. y 7r«3£1»£-?-£Il 

tW-C, Zn, Be^<50ffi<3DII^7cS$:fflV^C:i:*s-C 
Ptelf, Z n#h'-7*£;h.7'iGaN. AIN, A 
IGaN. AlBN. I nGaN^<5DIII ^S^fjj^ 
^fta^mSax.y7r/13£fltJ£LTi>J:^. dco 
io&II&TC^K-TSixfclll ^te*^¥3£#:J4 
SWttWfrfcaiWfc tTl«*r*fc*>. ttt5 5WB 

[0 0 6 7] SfSl«aX.y7r/13l4£JHiji 

l£*:l4«&?)Mg-G 
aNJit, l43fe««ft<OM8-Al N®h^3c§:tC« 
lLT«Mg-GaN/Mg-Al NS^IfjtSr* 
-ti>msax.y7r«3i: LT*>«kV\ ffiift7>iiDII 
BsaWK-rSi'ufclll KS^^f^flcti^tOS 
LTJ**r4«>T\ menSfe^H-TSit 
^GaNW 1 N(D£dt l ZKmzm%&mt£^-t& 

i»W7Tl3iti£ktJ:->Tt, #8«Jt<o 
M g - G a Nm 1 KfiA' >y 7 r S 3 L |S) 

[0 0 6 8] m2Sax.y7r/14£ovvctliii 

j£?-.&.ri:a*T£&<, flliur, t^f-toa ibn, 

AlGaN. AIN, I n G a N^DI 1 1 ttSMBRtiiMf* 
***»feJH 2 KaX >y 7 T« 4 LT fc «fc \\ 

[0 0 6 9] ZiOX 3&SiS2«aX-y7T/14«4. HI 
-y 7 rJI 3 II I l^<fBIHR¥*#i:R 

till J^M&&¥3«ta&»S>flte£-f & i t ##* L\\ 
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0tt»f, HlSaXy7rJI3£GaN*><o*iJ£U:*§ 
£{~£>oT<4. m2iSiaA.y7r«4t>GaN*^^ 
tS-r L<. mSax.y7rJ13£Al N*> 

S&2Sax.y7T« 4tA 
1 N*^lf^:-rSC:i:^»4Lv^ H2iS 
ax -y 7 r *4 Srfll 1 *$&x -y 7 r M 3 ifllflW 5 1 1 1 
fcBflSfcJR****: HtHI imUNij^Mfc*6flt)& 
-fS^fcT, S&2SaX.y7rE4«*g&14£J:9i&Lb 

10 [00 70] #«2, 5~9<0*ffj£»4. III ^ 

<H*iR¥aWk t^*>Ga, A 1 , In. BfcitfT 

[007 1 ] =5rfc, ±teKfclvC(4, Mg-GaNIl 
Sax 7 7rI3iC7>'I J -7GaN$2 Sax "/ 7 
Tl4iWg^atV^#, 7yH-7GaNI2iSfi 

x > y 7 r it 4 nfc«arc* t t, i ^. -r<o*§ 

0IJi.«Mg-GaN^lSiaX-y7rJ13±(C. K 
12wm<0n-GaN3^? Vm5ifim^txfcWlk 
20 fc£$. 

[0072] 5rfc. 7yb'-7GaNS2A' 7 7rI4 
Z&fSJtf Cn-G a N3^^- l-«5<9JBt!f < 
8»?<0«Jn{;^Tn-GaN3^^h« 

-!-ti.* J S).|.. Mg-GaNSlSi§A'77ri3 
W4H-T(c,J;S1&?^g*s?¥ftLTV^. liLhtfO'i: 
Mg-GaN$lgS^77rI3±(:7yH- 
7GaNS2 i^ax -y 7 r « 4 *mfc?2> ZktftttL 

30 [00 73] ±l£tc:*5V^<4. 7>K-7GaN 

J:^pS^^®^)iI^fi£$h.Tv>S^. Pl^ft 

[0074] ±12tfcV^T(4. c (0001) WZWR. 

jaW7r'f7SI(£fflVTtJ:i\ *S^(4. t7r 
-f TafiKlJSWtC, S i , S i C, GaP. 

G a A s IP*^^r^««i2rfflvvT t, X 
40 [0075]$fe(:.*i 2-9 *flMt-r£Oft!M*¥ 
»*^fi«Jt«. ^/P'VStfSWJtTft-oT 

[0076] =3r*i. *^(ca«^NME»7<0feK&i£ 
^- H*O5KHHF<0lBa*i£tc*JV^T fcSffl^TflgT*> 

4. c<o«^. r>-H-r«o|g2«ax-y7r«±^ 
so K&.yri^^vimz^rrhi&tyjx-Y.im 
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^—^m^m^^tm^za^x^mmi (fBts) 

[0077] 

[SKIM] CSlSfipiJ 1 - 1 ] ^fc^-fS-ftffe^SStt 
«<0»«*ttfc:J: 0 . H2 ( d ) fcrijrr <fc rA 10 

7SSUKAlGaNfflA' 7 7Ti2 > Mg-Ga 
N»aA' 7 7 r« 3 tjit^r y H-7G aNf4 

[0078] ^WcfeVvtU, TyH— TGaN«4<50 

-y-GaN!§4<DmmiZ0. 5-4^m<7)KIl*li:L, 
AlGaNffi^^-y7rJ12coKiI{i:2 0nmi:L. M 
g-GaN^A'777i3«lfii80nmt L*:. 
[0079] ±^ct)J; ? fc LTfmL^iiSieKco^ 
T, X^mSftCiO, T>-H-rGaN«4i0^ttSr 20 

[0080] [HiSMl -2] Mg-GaNSiS^*-/7 
tJI 3<7)ftb9£]WJ58Onm0OMg-A lx Bi-xN 

t mmcoirmizx numco^ma^r > k-7g a n 

[008 1] 2A.IZ. ±MtmmtzLX. MI8 0nm 
<7)Mg-Ali-y Gav Ni^iSA-y 7 y Jf 3 £J$£Lrt: 
IS«iJj:^ffiJl8 0 nmOMg- I nz Gai-z N»i& 
A.y7r«3Sr^L^:^$-f^L. #*<OK»Co 30 
^XT yh'-7G a N«4^ifcyitt£fPfilSU;. 

[0082] [SWll-3] Mg-GaNiSiaA-y? 
rJI3<7>ftb9WKl?2 0nm«02^Mg-GaNi 
tKJ¥2 0nmO2-P^Mg-A 1 NJli: £Jli»JSJf L 
Tlf8 0nm^)Mg-GaN/Mg-A 1 Nj@fg^g 
*&Ay 7 r® 3 Sr^JfcL^or V H-7G a NJf 4?)$ 

mzsumisxV'iumbLtz&zmix. m&m lb 
mmiz Lxigmv>fm&£ vry k-tg a nji4 

[0083] [HJSW1 -4] Mg-GaNHiSA'77 40 
rJf 3 <9ftb9KZn#h'-:r$:firt:G a Nj&»&$r*flt 
I1E8 0 nm<7)Zn-GaNi«^S./^'•y:7yJi3Sr^J£La> 
OT:x H-rG a N/f 4 COm&Z 2 v mfc £V 3 At m fc 
LfcAfcfewc , HSfe^J 1 £: RttC l/CK»tf>fMM3 <k 
t^T> H-7Ga N«4OS^ttc0Stff5r«-5fe. 

[0084] [Jt«l^J 1 ] 04 fciir«E*e3«B&»¥ 
Ifti^SaiSCJ: 0 , H4 ( d ) teiprf J: 5 7 
r-fT««5 1±CAI GaNHA, 7 r« 5 2*5 J: 

TV K-TG a NI5 3 &*t»jfiLt**Kff 
SSL*. 50 
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[0085] ^sfflUctiWCM^. 7>-H-7GaNl5 3 

cosmcom^zmwumimLt:. z<o%&, ry 

K-7"GaNJl5 3<7)mmii0. 5—4umcnmmftt 
U Al GaNffit&VA'.y^yJf 5 2Offiypi420nmfc 

[0086] ±I20J: o LTfWUteSttfiKo^ 
X. X&0tfrfcj; 9 . TVh'-7-GaNil5 30^tt 

[0087] mmm 1 - 1 , satwi-3. satwi- 

4£>J:t>'ifcf£0iJ 1 «IS**H'3t=Srf . 
[0 088] 03«i. Wim-l, Idt«l-3 S * 
1 -4 ti £X/tiMM 1 <0TV H-7G a NJffctStt 
i»lfcX«D7*^-7 (XRC) ¥fMh<0RI 

>-F-7GaNi4, 5 3^S£Jltt;W^fc£jirr. 

[00893 m3izysk-tj:oiz, m&mi - 1 tiXX/it 

©flUllCfeWCte. 7>-H-7GaNi4, 5 3<DJK/1 
crmaizW^XXRC*Wmi} { m&L. IBAttjMtUiL 
TV^. 4 /a, ^tKJ?tCtJUTHI6^1- l^T^h' 
-7G a NJf 4 i: Jtf£0"J 1 COT > H-7G a NJB 5 3 i: 
Zifr^hb. Mg-GaN«ja^">y7rii3^mL7t 
HJS01J1 - l«0ryH-TGaNa4<S, Mg-GaN 
iSifi^* ?7rl3 £ J£j£ L&i ^HcMtM lOTy K-7G 
aN15 3 fcJt<-C X R C < . 

[0090] &3ttt+mimi-itsiVttMiMi<o 

m^Mg-Ga N*S/W 7 r*3<7)3r2&tt£?at 
WtcWWikJaT^iatc**. iURflll 
c7)JKJ¥ 3 ju mcOT V V -T G a N Jl 5 3 l^cDifeiFatt 
5:IIS6M1 - lcOTVH— rGaN«4lC*5V>TSl3K-r 
•l>^(C{±. Ty H— 7*GaN«4^MJie 1 . 5um 
W&bTtUm*. ^coj:d^Mg-GaNa3Sr^ 
"tSiktCiO. Jt^0"JKOTyH-TGaNJ15 3fc 
tfr<.X. HifeMl-l^Tyh*-TGaNS4fcfeV^T 

[0091 ] iit, $mMl-l<?>ffl¥$>l. Sum 
«7yK-7GaNl4 ^^[Bfc J: J£«#J<0BIJ5ifr 3 
jumcOTV K-7Ga NJ15 3<7)Wm*T)V*] VmWllZ 

SI0lll-l<OTyH-7*GaN®4tfOfe{a^JKIi:5x 1 
0 8 -2x10 s cm-'T*0< it^JlOTyh'-T 
GaN15 3<Oteffi^Sti5x 1 0 3 ~1 x 1 O 10 cm 
-'"Cfcofc. ^F^TSi:. TVK-7*GaNS4c7)K(a 
**t4, r>-K-7-GaN«5 3c7)teta[^JKc7)^5^ 
lfftoTt. ZCOZdlZ^ Mg-G a NJ83 JMtl. 
C i: fc«k 0 , fUfetflJ 1 - 1 C7)T y H-7G a NJ§4 "C 

it. immicoryv-y-GaNm53izit^xmm i 

[0092] mmm 1 - 2 otsst** 03 tzm?&m 
i-i<m&bmmx$>->tz. m 8 -au 
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Bi-n Nfiii&K-y 7t§3, Mg-Ali-i Gav NlS 
im-fiy ~7 7 JS 3 $5 XltM g— I nz Gai-z NBfi&A-y 
7r®3S-^L/tHffe^Jl -2cOT>'K-7 , GaNe 

[0093] vl<7)is§a\ A 1 x Bi-n NtCfcftSXcOffl 
#:*:#V>15£\ Ali-y Gav NlCfcftS YcOffi 

I nz Gai-z NjCfcttaZOfil 
#/h$ \,mk\ TV K-7'G a N Jf4 <7>X R C ¥ffiflS* { 
* S < *K £ AtttfK < =3r « C *«« 1 & -5 . 

[0 0 94] .4fc, 03Cjj^f «k3fc:. Mg-GaN/ 

Mg-A i Nnm?i!$&*vy 7 m3$:Mi8.Ltimiim 

l-3cOT>"H-rGaN«4(i. HtJRWtfitf** 
1 CQT > H— 7*G a NJg 5 3 KJt^T X RC-¥-«S 

[0095] Sfcfc, H3fc*-fJ:otC. Zn-GaN 
XH/ <»7Ti3 L^HtfiW 1 - 4 COT V H —7* 

GaNi4i±. mivmiz&if&imm i cory f-t 

G a NJf 5 3 KJfc^T X R C ¥HfA^S < , tSAffcP 

[0096] EUiOgtttffil 1-1 a^HJKPJ 1 -4&£ 
t/immU,Z7jk-t£?iZ. Ga, Al. InfeitXBcO 

Mg*fc«z n# F-rs*i3tJMw«aifctt#*aBft 

OigtfS/ < » 7 r Jf 3 4 i i: t= «fc 0 . * » 7 

[0097] [HJS0H2] fiiaA' 7 7Tl2lCMg- 
GaNIl y 7 ril 3 e ktA7'>- F—7"G a Ngl 

2 77rl4 ft9Bf£$ ftfcH i fc^-say A * 
-FfcfcWt, pW^yh'Stl ltnfflWSil 2i:<9 

[0 0 98] [ifc«092] ffiiSA'77Tll 0 2±Cn 

-GaNay^^h;iio3 imtf&ixfzm 5 tc^-fise 
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%<r>WtyA^~Y\zH\^X. pflfl^y FUSffil 1 Ot 

n finai 1 1 fc<^w®#itn«ff£i$flDL*:. 

[0099] JJa<^lttW2fe J:l)fifc(ftW2 fc*JV^T, 
^5t^^-H<i^** < j4 6 0nm<733tSr^LJt. JKO 

tz. Z<VZkfre=. Mg-GaN^lgfiA*77rl3 
ilZiVTy H-7-Ga Nm2iSiS>'N' y 7 r J|4 

[HSOflrJIL&fffiPU 

[01 1 *^Bj^s^^^-^J^^-r«^WBT 

[H2 ] h i <r>mt?4 *- Hoset^o-ffn^^-r 
[ n 3 ] %fte* i - 1 frhmsm i - 4 *> «t viMRfii i 

<F>TV F— 7" G a N«tCtJ(t4)Plfi: X R C ^ffilSi: O 
[04 ] fie*co^b%^^#:«<0^^«co-^J^* 

20 -r^mjLmmmmx'ht. 

o 

1. 5 1. 10 1 t7r^7l« 

2, 5 2, 1 02 ftSAy^rJI 

3 Mg-GaNSlH;fiA'77rl 

4 7yh»7GaNS2SS^'7 7rl 
5, 103 n-GaNrJ^? YM 
6 MQWvSttl 

30 7 TVH-7GaNftii 
8 p-AlGaN?77h'l 
9, 109 p-GaN^y^^M 
1 0 pS!I^*I4«S 
1 1 pffill^V FUSE 
12, 111 nfflimfii 

5 5 lEffi <WF*R) 
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